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7KH�UHVSRQVH��RI� WLOH�ILEUH�FDORULPHWHU�WR� LQFLGHQW�PXRQV��HOHFWURQV��DQG�SLRQV� � LQ� WUDQVYHUVH�DQG� ORQJLWXGLQDO

PDJQHWLF� ILHOG� XS� WR� �� 7� KDV� EHHQ� VWXGLHG�� 7KH� OLJKW� \LHOG� LQFUHDVH� ZLWK� PDJQHWLF� ILHOG� GHSHQGV� RQ� WKH� ILHOG

RULHQWDWLRQ�DQG�SDUWLFOH�VSHFLHV�� �:LWKLQ� WKH�HUURUV� WKH�HQHUJ\� UHVROXWLRQ�DQG� WUDQVYHUVH�DQG� ORQJLWXGLQDO�VKRZHU

SURILOHV�DUH�QRW�DIIHFWHG�E\�PDJQHWLF�ILHOG�
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���,QWURGXFWLRQ

7KH�&06�KDGURQ�FDORULPHWHU�EDVHG�RQ�SODVWLF�VFLQWLOODWRU� UHDG�RXW�ZLWK�ZDYHOHQJWK�VKLIWLQJ

�:/6��ILEUH�HPEHGGHG�LQ�WKH�VFLQWLOODWRU�SODWH�>�@�ZLOO�RSHUDWH�LQ�VWURQJ�PDJQHWLF�ILHOG����7HVOD��

0DJQHWLF�ILHOG�FKDQJHV�OLJKW�\LHOG�RI�VFLQWLOODWRU�>�@�DQG�DIIHFWV�WKH�VKRZHU�GHYHORSPHQW�>�@�WKDW

LQ�SULQFLSOH�FDQ�GHSHQG�RQ�WKH�ILHOG�RULHQWDWLRQ��)RU�W\SLFDO�FROOLGHU�JHRPHWU\�WKH�PDJQHWLF�ILHOG

LV� SDUDOOHO� �WUDQVYHUVH�� WR� D� FDORULPHWHU� SODWHV� IRU� WKH� FHQWUDO� SDUW� DQG� SHUSHQGLFXODU

�ORQJLWXGLQDO�� WR� WKH� HQG� FDS�� 7KH� � SULPDU\� � REMHFWLYH� RI� WKH� VWXG\� ZDV� � WKH� � FDORULPHWHU

SHUIRUPDQFH�LQ�GHSHQGHQFH�RQ�PDJQHWLF�ILHOG�GLUHFWLRQ�XS��WR���7�ZLWK�PXRQ��HOHFWURQ��DQG�SLRQ

EHDPV�� WR� LGHQWLI\� � SUDFWLFDO� � FRPELQDWLRQV� RI� WKLFNQHVV� DQG� VDPSOLQJ� IUDFWLRQV� ZKLFK� \LHOG

DFFHSWDEOH�UHVROXWLRQ�IRU�&06��WR�WHVW�SRVVLEOH�FDQGLGDWHV�RI�SKRWRGHWHFWRUV�FDSDEOH�WR�ZRUN�LQ

PDJQHWLF� ILHOG�� WR� WXQH�XS�YDULRXV�KDGURQLF�FDVFDGH�0RQWH�&DUOR�SURJUDPV�� � ,Q�VHFWLRQ��� WKH

SURWRW\SH� FDORULPHWHU� LV� GHVFULEHG�� 7KH� H[SHULPHQWDO� VHW�XS� LV� SUHVHQWHG� LQ� VHFWLRQ� ��� 7KH

UHVXOWV�DUH�GLVFXVVHG�LQ�VHFWLRQ���

�����&RQILJXUDWLRQ�RI��WKH��FDORULPHWHU

$��UHFRQILJXUDEOH�VWDFN�FDORULPHWHU���ZLWK�EUDVV�SODWHV�������&X��������=Q������)H�������0Q�

DV�DEVRUEHU�KDV��EHHQ�EXLOW��,W�FDQ�EH��UHFRQILJXUHG�WR�YDU\�VDPSOLQJ�IUDFWLRQV��DQG��ORQJLWXGLQDO

GLYLVLRQ�DQG��DV�VKRZQ�LQ� ILJ�����FRQVLVWV�RI��� OLJKW� WLJKW�ER[HV��7ZR�RI� WKHP�FRQWDLQ�VWDLQOHVV

VWHHO� VXSSRUW� IUDPH� RQ� ZKLFK� WKH� DEVRUEHU� SODWHV� DQG� VFLQWLOODWRU� SODWHV� DUH� KDQJLQJ�� 7KH

GLPHQVLRQV�RI�WKH�SODWHV�����FP�[����FP��DUH�GHWHUPLQHG�E\�WKH�VL]H�RI�WKH�KROH�LQ�WKH�PDJQHW

5'���7KH�WKLUG�ER[�FRQWDLQV�SKRWRGHWHFWRUV�

7KH�DFWLYH�PHGLXP�LV���PP��WKLFN�VFLQWLOODWRU��SURGXFHG�LQ�.KDUNRY���ZLWK�GLPHQVLRQV����FP�[

���FP��$�:/6�ILEUH�LV�URXWHG�WKURXJK�D��NH\�KROH�VKDSHG��JURRYH�PLOOHG�LQ�WKH�WLOH��2QH�HQG�RI

WKH� � ILEUH� LV� PDFKLQHG� E\� � IO\LQJ� GLDPRQG� FXWWHU� � DQG� DOXPLQLVHG�� 7KH� �[�� WLOHV� ZUDSSHG� LQ

UHIOHFWLYH�PDWHULDO�DQG�IL[HG�EHWZHHQ�DOXPLQLXP�SODWHV���DQG���PP�WKLFN�IRUP�D�PHJDWLOH��ILJ�����

7ZR�FRQILJXUDWLRQ�RI�WKH�FDORULPHWHU�DQG�WKH�DFWLYH�HOHPHQWV�ZHUH�XVHG�

�����7UDQVYHUVH�PDJQHWLF�ILHOG

� 7R�D���PP�GLDPHWHU� �:/6� � ILEUH� �GRSHG�ZLWK�.����SURGXFHG� LQ�7YHU��5XVVLD��D���P� � ORQJ

300$�FOHDU�ILEUH�LV�JOXHG�LQ�WXEH�WR�WUDQVSRUW���OLJKW�WR�D��SKRWRGHWHFWRU��7KH�:/6�ILEUH�WXUQHG

RXW�WR�EH�YHU\�IUDJLOH�DQG�FUDFNHG�DORQJ�WKH�EHQGLQJ�UDGLXV�LQ�D�PRQWK�WLPH�UHVXOWLQJ�LQ�GURS�RI

OLJKW�\LHOG��7KH�WLOH�ZLWK�WKH�ILEUH�LV�ZUDSSHG��ZLWK��DOXPLQLVHG��P\ODU��7KH�ILEUHV�IURP�HDFK�WRZHU

DUH�EXQGOHG�WRJHWKHU��JOXHG�LQ�D�WXEH�DQG�JR�LQWR�VHSDUDWH�KROHV�LQ�D�SKRWRGHWHFWRU�ER[�ZKLFK

FRQWDLQHG����PP�GLDPHWHU�SUR[LPLW\� IRFXVHG� �+\EULG�3KRWR�'LRGHV� >�@��7KH�+3'�RXWSXWV�DUH

GLUHFWO\�FRQQHFWHG�WR��SUHDPSOLILHUV�DQG�WKDQ�E\����P�FDEOHV�WR�DPSOLILHUV�WR�HTXDOLVH�WKH�+3'

JDLQ��7KH�+3'�+9�WHQVLRQ�LV�VHW�WR��������N9��WKH�SUHDPSOLILHU�JDLQ�LV�������9����
�
�H��7KH�JDWH

OHQJWK� LV� ���� QV� � FRUUHVSRQGLQJ� WR� � WKH� SXOVH� OHQJWK� IURP� SUHDPSOLILHUV�� 2QO\� ��� +3'� DUH

DYDLODEOH� �LQVWHDG�RI� ���� �� WRZHUV� [� �� ORQJLWXGLQDO� GLYLVLRQV��� VR� WKH� � � KRUL]RQWDO� WRZHUV� � DUH

FRPELQHG�LQWR�RQH�

7KH��FDORULPHWHU�LV�GLYLGHG�ORQJLWXGLQDOO\�LQWR�IRXU�FRPSDUWPHQWV�ZLWK�WKH�IROORZLQJ�VDPSOLQJ��

WKH�ILUVW��WZR�FRQVLVWV�RI�������FP��WKLFN�SODWHV��WKH�WKLUG��������FP�WKLFN�DEVRUEHU�SODWHV��DQG

WKH�IRUWK����������FP�WKLFN�SODWHV������FP�RI��EUDVV��

7KH�OLJKW�WLJKW�ER[�ZLWK�+3'�LV�SODFHG�DW�����FP�� IURP�WKH�FHQWUH�RI� WKH�PDJQHW�ZKHUH�WKH

PDJQHWLF�ILHOG�LV�DERXW�������ORZHU�WKDQ�LQ�LWV�PD[LPXP��7KH�+3'�D[HV�DUH�DOLJQHG�DORQJ�WKH

PDJQHWLF�ILHOG�ZLWK�SUHFLVLRQ�RI�VHYHUDO�GHJUHHV���%HWZHHQ�WKH�VSLOOV�WKH�+3'�JDLQ�LV�FRQWUROOHG
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E\�VLQJOH�/('��WKH�OLJKW�LV�IDQQHG�RXW�E\�ILEUHV��$�3,1�GLRGH�PHDVXUHV�WKH�/('�VLJQDO�WR�VWXG\

WKH�PDJQHWLF�ILHOG�GHSHQGHQFH�RQ�/('�OLJKW�RXWSXW���7KH�SHGHVWDO�SRVLWLRQ�LV�FKHFNHG�E\�XVLQJ

UDQGRP�WULJJHUV�IRU��HDFK�PHDVXUHPHQWV�

����/RQJLWXGLQDO�PDJQHWLF�ILHOG

7R��WKH�:/6��ILEUH������PP�GLDPHWHU��<����SURGXFHG�E\�.XUDUD\��D�FOHDU�ILEUH�LV�VSOLFHG��WKH

RWKHU�HQG�RI�WKH�FOHDU�ILEUH�LV�JOXHG�LQWR�RSWLFDO�GLVFRQQHFW�� �7KH�WLOH�ZLWK� WKH�ILEUH� LV�ZUDSSHG

ZLWK�7\YHN��$����P�ORQJ�RSWLFDO�FDEOH�ZLWK�GLVFRQQHFWV�RQ�ERWK�HQGV�FRQQHFWV�WKH�PHJDWLOH�WR�D

GHFRGHU� ER[� FRQWDLQLQJ� ��� SKRWR�PXOWLSOLHU� �3KLOLSV� ;3� ����� ZLWK� H[WHQGHG� JUHHQ

SKRWRFDWKRGH��ZKHUH�ILEUHV�DUH�UHDUUDQJHG�IURP�OD\HU�WR�OD\HU�FDEOHV�WR�WRZHU�WR�WRZHU�EXQGOHV�

7KH�SKRWR�PXOWLSOLHUV�KDYH�PDJQHWLF�VKLHOGLQJ��7KH�FDORULPHWHU�LV�GLYLGHG�ORQJLWXGLQDOO\�LQWR�WZR

UHDG�RXWV��7KH�VDPSOLQJ�LV��WKH�ILUVW���SODWHV���FP�WKLFN�DQG�WKH�ODVW����SODWHV�����FP�WKLFN�

����([SHULPHQWDO�VHW�XS

7KH� VWXG\� RI� � WKH� +&$/� � SHUIRUPDQFH� ZDV� � FDUULHG� RXW� RQ� +�� EHDP� DW� &(51�� %HDP

GHILQLQJ�VFLQWLOODWRU�KDV�GLPHQVLRQV��� FP� [� �� FP��3DUWLFOH� WUDMHFWRULHV�ZHUH�PHDVXUHG�E\�GULIW

FKDPEHUV��7KH�IROORZLQJ�SDUWLFOHV�ZHUH�XVHG��HOHFWURQV������*H9���PXRQV������DQG�����*H9��

DQG�SLRQV�����������*H9���7KH�PDJQHWLF�ILHOG�YDULHG�IURP���WR���7��7KH�GHIOHFWLRQ�RI�WKH�LQFLGHQW

SDUWLFOH�E\� WKH� WUDQVYHUVH�PDJQHWLF� ILHOG�ZDV�QHJOLJLEOH� �HYHQ� IRU����*H9�SDUWLFOHV��)RU� HDFK

PHDVXUHPHQWV�DERXW��[��
�
�WULJJHUV�ZHUH�FROOHFWHG�

7KH� FDORULPHWHU� ZDV� LQVWDOOHG� � LQ� WKH� FHQWUH� RI� WKH� VXSHUFRQGXFWLQJ� 5'�� PDJQHW�� 7KH

PDJQHWLF�ILHOG�KDV�QRQXQLIRUP�GLVWULEXWLRQ�VKRZQ�LQ�ILJ����E\�WKLQ�OLQH�

,Q� WKH� UXQ� ZLWK� ORQJLWXGLQDO� PDJQHWLF� ILHOG� �VHH� ILJ�� �E�� WKH� PDJQHWLF� ILHOG� DIIHFWHG� � WKH

SKRWRWXEH�JDLQ�WKRXJK�WKH�GLVWDQFH�EHWZHHQ��WKH�GHFRGHU�ER[�DQG�WKH�PDJQHW�ZDV�DERXW���P�

7R� FRQWURO� � VWDELOLW\� RI� 30� RSHUDWLRQ� D� /('� LOOXPLQDWHG� DOO� 30� WKURXJK� D� EXQGOH� RI� ILEUHV�

%HVLGHV�WKHUH�ZDV�D�ZLUH�UDGLRDFWLYH�VRXUFH� >�@��7R�PLQLPLVH� WHPSHUDWXUH�GHSHQGHQFH�RI� WKH

/('� IRU� HDFK� SDUWLFOH� W\SH�PDJQHWLF� ILHOG� ZDV� FKDQJHG� VHSDUDWHO\� WR� PDNH� LW� DV� TXLFNO\� DV

SRVVLEOH�

����'DWD�DQDO\VLV�DQG�UHVXOWV

:LWK�ULVH�RI�PDJQHWLF�ILHOG�IURP���WR���7�WKH��JDLQ�YDULDWLRQ�RI�GLIIHUHQW�+3'�ZDV�LQ�WKH�UDQJH

������� 7KLV� GHSHQGHQFH�ZDV� WDNHQ� LQWR� DFFRXQW� GXULQJ� GDWD� DQDO\VLV�� � 3RVLWLRQ� RI� WKH� /('

DPSOLWXGH� GLVWULEXWLRQV� ZDV� PHDVXUHG� IRU� HDFK� VSLOO� IRU� HDFK� FKDQQHO� DQG� WKH� GDWD� ZHUH

FRUUHFWHG�

1HLWKHU� WKH� FDORULPHWHU� QRU� WKH� EHDP� FRXOG� EH� PRYHG� LQ� KRUL]RQWDO� RU� YHUWLFDO� GLUHFWLRQV�

7KHUHIRUH� RQO\� WKH� FHQWUDO� WRZHU� ZDV� LOOXPLQDWHG�� 7KH� FDOLEUDWLRQ� FRQVWDQWV� IRU� WRZHUV� DQG

ORQJLWXGLQDO�VHFWLRQV�ZHUH�GHWHUPLQHG�E\�PLQLPLVDWLRQ�RI�HQHUJ\�UHVROXWLRQ�

�7KH�PDJQHWLF� ILHOG�KDV�D�KLJK�QRQ�XQLIRUPLW\�EXW� LW� LV�QRW�FOHDU� KRZ� WR� FRUUHFW� WKH� VKRZHU

SURILOH���7KH�YDOXH�RI�WKH�PDJQHWLF�ILHOG�FLWHG�EHORZ�FRUUHVSRQGV�WR�LWV�PHDQLQJ�DW�WKH�FHQWHU�RI

WKH�PDJQHW�

�,Q�WUDQVYHUVH�PDJQHWLF�ILHOG�WKH�OLJKW�\LHOG�SHU�VFLQWLOODWRU�ZDV�WRR�VPDOO� �DERXW�����S�H��SHU

VFLQWLOODWRU� IRU� PLQLPXP� LRQLVLQJ� SDUWLFOH� �P�L�S���� WR� UHOLDEO\� PHDVXUH� PXRQ� SXOVH� KHLJKW

GLVWULEXWLRQ�DQG� DV� D� FRQVHTXHQFH� WKHVH� GHSHQGHQFH�ZDV� QRW�PHDVXUHG�� ,Q� WKH� ORQJLWXGLQDO

PDJQHWLF�ILHOG�WKH�:/6�ILEUHV��ZHUH�UHSODFHG��DQG�WKH� OLJKW�\LHOG�ZDV�DERXW���S�H��SHU� WLOH� IRU
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P�L�S�� )LJ�� �� VKRZV� SXOVH� KHLJKW� GLVWULEXWLRQ� IRU�PXRQV� REWDLQHG� IRU� WKH� ILUVW� FRPSDUWPHQW� ��

WLOHV��

� 7KH�FDORULPHWHU��DV�ZDV�PHQWLRQHG�DERYH��ZDV�URXJKO\�GLYLGHG�LQ�WUDQVYHUVH�DQG�ORQJLWXGLQDO

GLUHFWLRQV�� &RPSDULQJ� QRUPDOLVHG� GLVWULEXWLRQV� ZH� FRQFOXGH� WKDW� WUDQVYHUVH� DQG� ORQJLWXGLQDO

VKRZHU� GHYHORSPHQW� GRHV� QRW� GHSHQG� RQ� PDJQHWLF� ILHOG� IRU� ERWK� RULHQWDWLRQV� ZLWKLQ� WKH

PHDVXUHPHQW�HUURUV�DQG�ORQJLWXGLQDO�GLYLVLRQ����DQG���ORQJLWXGLQDO�FRPSDUWPHQWV�IRU�WUDQVYHUVH

DQG� ORQJLWXGLQDO� ILHOG� FRUUHVSRQGLQJO\��� 7KH� HQHUJ\� UHVROXWLRQ� DOVR� GRHV� QRW� GHSHQG� RQ

PDJQHWLF� ILHOG��)LJ�� ���VKRZV�WKH�QRUPDOL]HG�UHVSRQVHV�YV�� � WUDQVYHUVH�PDJQHWLF� ILHOG� IRU����

*H9� HOHFWURQV� DQG� GLIIHUHQW� HQHUJ\� SLRQV�� � 7KHUH� LV� DOPRVW� OLQHDU� ULVH� RI� WKH� FDORULPHWHU

UHVSRQVH�RQ�PDJQHWLF�ILHOG�DQG�GHSHQGHQFH��RQ�SLRQ�HQHUJ\�

)LJV������DQG���VKRZ�WKLV�GHSHQGHQFH�IRU�ORQJLWXGLQDO�PDJQHWLF�ILHOG�IRU�HOHFWURQV�DQG�PXRQV

DQG�SLRQV���,Q�WKLV�FDVH�WKH�EHKDYLRXU�LV�YHU\�FORVH�WR�WKH�VFLQWLOODWRU�OLJKW�\LHOG�GHSHQGHQFH�RQ

PDJQHWLF� ILHOG�REWDLQHG�ZLWK�UDGLRDFWLYH�VRXUFH�DQG�GRHV�QRW�GHSHQG�RQ�SDUWLFOH�VSHFLHV�DQG

SLRQ�HQHUJ\�

����6XPPDU\�DQG�FRQFOXVLRQV

7KH�VWXG\��RI�WKH�KDGURQ�FDORULPHWHU��UHVSRQVH�YV��PDJQHWLF�ILHOG�VKRZV�WKDW� WKH� OLJKW�\LHOG

IRU�PXRQV��HOHFWURQV��DQG�SLRQV�LQFUHDVHV�XS���7�DQG�IRU�VKRZHULQJ�SDUWLFOHV�GHSHQGV�RQ�WKH

ILHOG� RULHQWDWLRQ� DQG� SLRQ� HQHUJ\�� :LWKLQ� WKH� � HUURUV� WKHUH� LV� QR� DSSUHFLDEOH� FKDQJH� RI

WUDQVYHUVH�DQG�ORQJLWXGLQDO�VKRZHU�SURILOH�

7KHUH�DUH� WZR�HIIHFWV�ZKLFK� OHDG�WR�FDORULPHWHU� OLJKW�\LHOG� �GHSHQGHQFH� �RQ�PDJQHWLF� ILHOG�

OLJKW� HPLVVLRQ� RI� VFLQWLOODWRUV� DQG� VKRZHU� HQHUJ\� DEVRUSWLRQ� LQ� VFLQWLOODWRU�� 6LPXODWLRQV� RI� WKH

FDORULPHWHU�UHVSRQVH�GXH�WR�RQO\�WKH�VHFRQG�HIIHFW�JLYH�WKH�UHVXOWV�SUHVHQWHG�LQ�WKH�WDEOH�

7DEOH���0RWH�&DUOR�VLPXODWLRQ�RI�FDORULPHWHU�UHVSRQV�

.7 $���7��$���7� ./� �$���7��$���7�

����*H9�HOHFWURQV ���� ����

����*H9�SLRQV ���� ����

����*H9�SLRQV ���� ����

�7KHUH�.7�LV�WKH�UDWLR�RI�HQHUJ\�DEVRUSWLRQ�LQ�VFLQWLOODWRU�IRU���7�WUDQVYHUVH�PDJQHWLF�ILHOG�RYHU

HQHUJ\�DEVRUSWLRQ� LQ�VFLQWLOODWRU�ZLWKRXW�PDJQHWLF� ILHOG�DQG�./� � LV� WKH� UDWLR� IRU� WKH� ORQJLWXGLQDO

PDJQHWLF�ILHOG��,I�WKH�VFLQWLOODWRU�OLJKW�\LHOG�GHSHQGHQFH�RQ�PDJQHWLF�ILHOG�LV�DGGHG���DERXW����

LQGHSHQGHQW�RQ�PDJQHWLF�ILHOG�RULHQWDWLRQ��WKHUH�LV�D�TXDOLWDWLYH�DJUHHPHQW�RI�WKH�H[SHULPHQWDO

UHVXOWV�DQG�WKH�FDOFXODWLRQ�

)RU�PXRQV� LI�RQH�QHJOHFWV� WKH�HOHFWURPDJQHWLF� LQWHUDFWLRQ�DW� WKHVH�HQHUJLHV� WKH� OLJKW� \LHOG

GHSHQGHQFH� LV�PDLQO\� GHWHUPLQHG� E\� WKH� ILUVW� HIIHFW� DQG�PXVW� QRW� GHSHQG� RQ�PDJQHWLF� ILHOG

RULHQWDWLRQ�

,Q�FRQFOXVLRQ�ZH�VXPPDULVH��WKH�PDLQ�UHVXOWV�

���D�FDORULPHWHU�UHVSRQVH�YV��PDJQHWLF�ILHOG�GHSHQGV�RQ�ILHOG� RULHQWDWLRQ�DQG� �SDUWLFOH
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